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Abstract

Background The leading hypothesis of the pathogenesis of cervical insufficiency suggests a role of cervical
inflammation. Urogenital tract infections could play a causative role in this process. To test this hypothesis in women
with a cervical cerclage, we aimed to retrospectively examine the relationship between gestational age (GA) at
delivery and positive urogenital cultures.

Methods This single center retrospective study reviewed the records of all women with a singleton pregnancy

that underwent cervical cerclage (n=203) between 2010 and 2020 at the University Hospital of Leuven, Belgium.
Transvaginal cerclages were categorized as history indicated (TVC |, n=94), ultrasound indicated (TVC I, n=79) and
clinically indicated (TVC Ill, n=20). Additionally, ten women received transabdominal cerclage (TAC). Urogenital
cultures (vaginal and urine) were taken before and after cerclage with 4-week intervals. Urogenital cultures were
reported ‘positive’if urine and/or vaginal cultures showed significant growth of a microorganism. Treatment decision
depended on culture growth and clinical presentation. The primary aim was to evaluate the association between the
urogenital culture results and the GA at delivery, for each of the cerclage groups. Secondarily, to investigate the effect
of antibiotic treatment of positive cultures on GA at delivery.

Results Positive pre-cerclage urogenital cultures were associated with lower GA at delivery in TVC Il (positive culture
26w4d +£40d vs. negative 29wéd +54d, p=0.036). For TVC |, GA at delivery was longer when pre-cerclage urogenital
cultures were positive (positive culture 38w0d + 26d vs. negative 35w4d +42d, p=0.035). Overall post-cerclage
urogenital cultures status was not associated with a different GA at delivery. Treating patients with pre- or post-
cerclage positive urogenital cultures did also not change GA at delivery.

Conclusion Positive urogenital cultures taken before clinically indicated cerclage intervention may be associated
with lower GA at delivery. However, there seems to be no benefit of antibiotic treatment or routine urogenital cultures
during follow-up of asymptomatic women after cerclage placement.
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Background

Worldwide roughly 1 out of 10 children are born pre-
term, i.e. before 37 weeks of gestation [1]. Extreme pre-
term birth (PTB) (<28 weeks) leads to perinatal death
in 53% of cases in Belgium [2]. Children that survive
extreme PTB have a pertinent higher risk of cognitive
and motor development problems, attention disorders
and social difficulties compared with those born after 28
weeks [3]. Hence, gestational age (GA) at delivery is the
most determining factor of all neonatal outcomes.

Cervical insufficiency, defined as the inability of the
cervix to retain the pregnancy, causes 8—43% of mid-tri-
mester losses [4, 5] and 11-65% of all spontaneous pre-
term births (sPTB) [6-8]. It can be due to previous direct
trauma, for example caused by cervical loop electrosurgi-
cal excision or conization or it can be a consequence of
a congenital malformation such as a Miillerian anomaly.
When cervical insufficiency exists in absence of these
causes, the pathogenesis remains unclear. At present,
the leading hypothesis suggests a role of cervical inflam-
mation caused by lower urogenital tract infections [9].
Indeed, pyelonephritis, if left untreated, is a known risk
factor for sPTB, and in the last decade an association
was also found with lower urinary tract infections. Even
asymptomatic bacteriuria in pregnant women is recom-
mended to be treated to reduce the risk of pyelonephri-
tis and therefore reduce the risk of sPTB; hence at our
institution it is part of routine screening. Furthermore,
concerning genital infections, bacterial vaginosis (BV) in
pregnancy is recognized as a strong predictor of sPTB.
Moreover, some authors speculate that Candida, Chla-
mydia and Gonorrhea could be associated with sPTB
[10]. Therefore urogenital tract infections could lead
to cervical insufficiency, and if they remain untreated
they may ascend into the uterine cavity [10, 11]. In fact,
microbial invasion of the amniotic cavity is present in
51% of women with cervical insufficiency [12].

Cervical cerclage is the only technique to effectively
treat cervical insufficiency and ultimately decrease the
risk of late miscarriage and extreme PTB [13, 14]. Cer-
vical cerclage is recommended for women with either
(1) recurrent spontaneous late miscarriages i.e. history
indicated; (2) cervical shortening (<25 mm) in high risk
women undergoing ultrasound surveillance/screening i.e.
ultrasound indicated; or (3) painless midtrimester cer-
vical dilatation with exposed fetal membranes i.e. clini-
cally indicated. Cervical cerclage is usually applied via a
transvaginal approach, while a transabdominal approach,
prior to or early in pregnancy, is only considered in
women with a previously failed transvaginal cerclage or
when placement of transvaginal cerclage is technically
impossible [15]. In literature, the effect of cervical cer-
clage on the prolongation of pregnancy and increase of
neonatal survival is most evident for clinically indicated,
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i.e. emergency or rescue, cerclage. However, this type of
cerclage reports a higher risk of intraoperative rupture
of membranes and when an intra-amniotic infection is
present, the positive effect on prolonging the pregnancy
is decreased [16].

At present, it remains unclear how women with cervi-
cal cerclage should be followed-up during pregnancy. The
role of routine urogenital culture screening in asymptom-
atic women with a cerclage remains unproven, even more
specifically it is unclear if the treatment of these cultures
reduces the risk of sPTB. The primary aim of this study
was to examine the relationship between the presence of
microorganisms found in pre- or post-cerclage vaginal
or urine cultures (i.e. positive cultures) and GA at deliv-
ery in women who underwent cervical cerclage depend-
ing on their cervical cerclage indication. In line with the
leading hypothesis that ascending urogenital infections
may lead to sPTB in women with cervical insufficiency
[10-12], we hypothesized that positive urogenital cul-
tures would negatively impact GA at delivery in women
who underwent cervical cerclage. The secondary aim of
this study was to investigate the effect of antibiotic treat-
ment on GA at delivery in women with positive urogeni-
tal cultures depending on the cervical cerclage indication.
We hypothesized that treatment of positive urogenital
cultures would have positive impact on GA at delivery.
Thirdly, we conducted an exploratory analysis on a range
of other maternal and neonatal outcomes and their rela-
tionship with positive urogenital cultures and the effect
of antibiotic treatment depending on the cervical cerclage
indication. Finally, we added a narrative description of
the cases with pre- or post-cerclage vaginal cultures posi-
tive for Gardnerella vaginalis (GV), given that a meta-
analysis of 2013 has reported that BV doubles the risk of
preterm birth [10]. Ultimately, the results of this study
may guide local and international recommendations for
routine assessment of urogenital cultures in patients with
cervical cerclage as was practiced at our institution.

Methods

Patients and setting

This single center retrospective cohort study reviewed
the records of all women with singleton pregnancies who
underwent cervical cerclage (transvaginal or transab-
dominal) between 01-01-2010 and 05-12-2020 at the Uni-
versity Hospital of Leuven, Belgium and was approved by
the local Ethical Committee (reference: MP017199). Over
this period of 10 years, one woman could have more
than one pregnancy in which a cerclage was placed. In
that case, this woman was included in our study as many
times as her number of pregnancies with cerclage. The
medical history of this women was described in corre-
spondence with the situation at the time of the respective
cerclage.
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Data was collected from medical files, including mater-
nal demographics and baseline obstetric and gynecologic
characteristics with antenatal and postnatal information.
The primary endpoint was GA at delivery. Secondary
endpoints included cerclage specific (all factors related to
the cerclage procedure, for example antibiotics and tocol-
ysis used during procedure, the suture used for the cer-
clage, complications due to the procedure etc.), maternal
morbidity and neonatal outcomes. Additional file 1
shows the list of variables that was used for data retrieval.

Categorization of cervical cerclage indications

All included pregnancies were categorized in 4 groups:
(1) history-indicated transvaginal cerclage (TVC I), (2)
ultrasound-indicated transvaginal cerclage (TVC II), (3)
clinically-indicated transvaginal cerclage (TVC III) and
(4) transabdominal cerclage (TAC) placed either antena-
tal or prenatal.

Local clinical and surgical protocol

According to standardized clinical protocol at our insti-
tution: (1) All women were followed every 2 weeks in a
dedicated preterm birth clinic, starting from 16 weeks
of gestation, with a transvaginal ultrasound for cervical
length assessment. (2) Mid-stream urine and cervicovagi-
nal cultures were taken with 4-week intervals, or shorter
in symptomatic patients or when deemed clinically nec-
essary. PCR analysis was only performed when Chla-
mydia, Neisseria, Mycoplasma or Ureaplasma species
were suspected by clinical presentation of the patient.
Urogenital culture was found ‘positive’ if urine and/or
vaginal culture showed significant growth of a specific
bacteria or mycosis. Treatment was dependent on cul-
ture growth and clinical presentation. Pre-cerclage cul-
ture refers to the last culture taken before the procedure
and post-cerclage refers to any culture taken during the
course of the pregnancy afterwards. Furthermore, we
described if positive cultures were found to be de novo,
recurrent (repeated culture of same organism after suc-
cessful treatment) or persistent (repeated culture of same
organism despite treatment). (3) All patients were advised
to take vaginal progesterone 200 mg daily (#=203). (4) In
case of uncomplicated TVC, cervical cerclages were elec-
tively removed between 36 and 37 weeks of gestation and
in case of TAC, women underwent caesarean section at
37 weeks of gestation.

The local protocol for cervical cerclage placement
included preoperative prophylactic antibiotics (cefazolin)
and tocolysis (indomethacin), the placement of a mono-
filament non-braided suture (Ethilon) or a Multifilament
braided suture (Mersilene tape) using a McDonald or
Shirodkar approach under spinal or general anesthesia.
The choice of technique and suture depended on the
surgeons’ preference and experience. Transabdominal
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cerclages were placed by an open abdominal or laparo-
scopic technique using a Multifilament braided suture
(Mersilene tape) under general anesthesia.

Statistics

Statistical data analysis was performed using IBM SPSS
Statistics 27.0 (SPSS Inc, Chicago, IL). Continuous data
was checked for normal distribution, defined as kurtosis
and skewness between —2 and +2, and checked graphi-
cally using histograms. Results are reported as means
and standard deviations (SD) for continuous variables.
Categoric variables are described as frequencies with
their percentages. We used one-way ANOVA to compare
between the four cerclage indication groups. In case the
normality assumption was not met, the Kruskal-Wallis
Test was used as a non-parametric alternative (this was
the case for pre-cerclage CRP, neutrophils and stitch
to delivery interval days [SDI]). Independent samples
T-tests were performed for post-hoc analyses when com-
paring continuous variables between two groups for each
cerclage indication. When the normality assumption was
not met, the Mann-Whitney U test was used as a non-
parametric alternative (this was the case for SDI). For
post-hoc analyses of categorical variables we used Pear-
son’s chi-squared test/Two-sided Fisher’s exact test. Level
of significance was defined as a<0.05.

Results
Descriptives and group differences
Between January 2010 and December 2020, 203 cerclage
procedures were performed during 202 pregnancies (one
case underwent a redo emergency TVC) on 168 women.
Table 1 summarizes the baseline characteristics of the
patients. The initial preoperative presentation, details on
the cerclage placement and general outcomes are given
in Table 2. Ninety-four women received a TVC I, 79
women a TVC II, 20 women a TVC III and 10 women a
TAC (from which 8 received the TAC in the same preg-
nancy in an early stage and 2 women already had a TAC
in situ from a previous pregnancy). Forty women (21%)
received a TVC in two subsequent pregnancies, from
which 22 women (14%) received both TVC during the
10 year study period. Nineteen women (10%) underwent
TVC in at least three pregnancies, from which 6 women
(4%) received three TVC during the study period. From
the 10 pregnancies with TAC, four women had one TVC
in their history, one woman had one TVC and one TAC
in her history, and one woman had already undergone a
TAC in a previous pregnancy (before our studied period).
No intraoperative complications occurred (rupture of
membranes, cervix laceration or other). However, during
the procedure a significant cervical lesion was noted in
3 cases which affected the placement and efficacy of the
cerclage. The first case had a visible defect on the cervix
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Table 1 Baseline characteristics
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History indicated  Ultrasound indicated Clinically indicated Abdominal cerclage Total (1=203) p-value

(TVCI, n=94) (TVCIl,n=79) (TVCIIl, n=20) (TAC,n=10)
Maternal age 3214438 320+55 313456 36.1+4.8 322452 0.088
BMI 246+4.2 238+3.7 256+34 259+4.1 245+39 0.163
No maternal comorbidity 57 (61) 44 (56) 10 (50) 7 (70) 118 (58) 0.669
Caucasian ethnicity 60 (67) 3 (68) 12 (60) 7 (70) 132 (67) 0914
African ethnicity 7(19) (15) 5(25) 1(10) 35(18) 0.673
Education level*: high 48 (87) 7 (80) 7 (58) 4(67) 96 (81) 0.700
Education level®; medium 4 (7) 8 (1 7) 4(33) 2 (33) 18 (15) 0.058
Education level® low 3(6) 102 1(8) 0(0) 5(4) 0.106
Smoking during 4(5) 8(11) 3(16) 1(10) 16 (8) 0.306
pregnancy
Drug use during 7(7) 4 (5) 2 (10) 0(0) 13 (6) 0.677
pregnancy
Alcohol during pregnancy 1 (1) 0(0) 1(5) 0(0) (1 0.241
Uterine malformation® 202 5(6) 0) 0(0) 703 0.320
Medical history of
- LLETZ/conization 12 (13) 18 (23) 1(5) 6 (60) 36 (18) 0.000*
- Surgical curettage 6 (6) 2(3) 4(20) 0(0) 12 (6) 0.023*
- Miscarriage < 8w 44 (47) 32(41) 8 (40) 4 (40) 88 (43) 0.839
- Miscarriage 8-15w6d 9(10) 5(6) 0(0) 2 (20) 16 (8) 0227
- Miscarriage 16-23wéd 66 (70) 21 (27) 5(25) 8 (80) 100 (49) 0.000%
- PTB 24-27w6d 19 (20) 5(6) 2(10) 3(30) 29 (14) 0.027*
- PTB 28-33w6d 14 (15) 13(17) 2(10) 2 (20) 31(15) 0.876
- PTB 34-36w6d 10011) 7(9) 1(5) 3(30) 21 (10) 0.175
Gravidity 4 (1-10) 2(1-9) 2(1-8) 4(2-12) 3(1-12) 0.000*
Previous CD 26 (28) 24 (30) 4 (20) 3(30) 57 (28) 0.833
Previous uterine rupture 0(0) (1) 1(5) 0(0) 2() 0.221
Previous TVC 1x 37 (40) 3(4) 0(0) 5 (50) 45 (22) 0.000*
Previous TVC > 1 16 (17) 1(1) 2(10) 0(0) 199) 0.003*
Previous TAC only 0(0) 2(3) 0(0) 1(10) 3(2) 0.063

*p<0.05. Categoric parameters are expressed as n and (%) of total within group. Continuous parameters are expressed as mean £ SD, except for Gravidity in median
and range. Abbreviations: BMI, body mass index; PTB, preterm birth; LLETZ, large loop excision of transformation zone; CD, caesarean delivery; TVC, transvaginal
cerclage; TAC, transabdominal cerclage. *Education level ‘high’ - patient went to university or higher education, ‘medium’ - patient finished secondary education
level, ‘low’ - patient did not finish secondary education level. bUterine malformations include: septate uterus, hemi-uterus; bicorporeal uterus, uterus didelphys

from a previous cerclage. Her cerclage spontaneously
ruptured at 18 weeks followed by a premature rupture
of membranes (PROM) at 28 weeks gestational age. The
second case had a fistula from the exocervical surface
to the endocervical canal from a previous cerclage. The
suture was placed behind the fistula. This second case
had a PROM at 25 weeks gestational age. In the third
case, the medical file reported a lacerated cervix with a
shortened portio vaginalis of 5 mm, leading to spontane-
ous erosion of the cerclage. All three cases delivered pre-
term (between 30 and 34 weeks of gestation).

Postoperative complications occurred in 8.9% of cases
(18/203). The postoperative complications were dis-
placement (n=7), redo emergency transvaginal cerclage
(n=1), cerclage knot failure with subsequent removal of
transvaginal cerclage (n=3), cerclage erosion through
the intracervical canal (n=2), cervix laceration dur-
ing removal of the cerclage (n=1), and failed removal of
transvaginal cerclage (n=4).

Pre-cerclage cultures were positive in 7% (15/203)
of urine cultures (TVC I 5/94, 5%; TVC II 8/79, 10%;
TVC I 1/20, 5%; TAC 1/10, 10%; p=0.632) and in 26%
(52/203) of vaginal cultures (TVC I 19/94, 20%; TVC II
23/79, 29%; TVC 111 8/20, 40%; TAC 2/10, 20%; p=0.232).
Microbiological results from urine cultures showed cases
with Enterococcus faecalis, Escherichia coli and Strepto-
coccus agalactiae. Microbiological results from vaginal
cultures showed cases with Streptococcus agalactiae,
Gardnerella vaginalis, Proteus mirabilis, Escherichia coli,
Candida albicans, Candida glabrata, Candida lusitaniae,
Staphylococcus aureus and Candida parapsilosis. See
Additional file 2 for the specific incidence results per
microbe by cerclage group. Only the incidence of Can-
dida lusitaniae was significantly different between the
four groups as it was only found once in the TAC group
(p=0.000). Vaginal cultures were positive with Gardner-
ella vaginalis in 21% of the pregnancies in TVC I (4/94),
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Table 2 Pre-operative presentation, cerclage placement and general outcomes

History indicated (TVCI,n=94) Ultrasound indicated Clinically indicated Abdominal cerclage p-value

(TVCIl,n=79) (TVClll,n=20) (n=10)
Pre-operative
Asymptomatic presentation 90 (96) 57 (72) 14 (70) 10 (100) 0.000*
Presentation with vaginal 3(3) 203) 4(20) 0(0) 0.005*
bleeding
Pres. with abdominal discomfort 0 (0) 20 (25) 3(15) 0(0) 0.000*
TVU cxI (mm) 36074 149+7.1 00+0.0 23.1+6.8 0.000%
TVU funnel length (mm) 0.1£09 10.5+109 259+118 0+0.0 0.000*
TVU sludge (1) 25(33) 12(63) 0(0) 0.000*
CRP (mg/L) 83+83 61+7.7 65+53 NA 0.194
leucocytes (10*9/L) 93+26 99+23 102127 88+24 0.500
neutrophils (10%9/L) 11.9+87 75+22 72+24 62+23 0.300
Cerclage placement
GA (days) 96.0+87 13844235 1475+15.1 929+56° 0.000*
Multifilament/braided suture 29 (39) 29 (39) 8 (47) 10 (100) 0.003*
Monofilament/PDS suture 46 (61) 36 (55) 9(53) 0(0) 0.003*
Peroperative antibiotics 61 (68) 57 (76) 17 (85) 9(90) 0.209
Peroperative tocolysis 50 (56) 53 (69) 14 (74) 8 (80) 0.143
General anesthesia 9(11) 5(7) 2(12) 10 (100) 0.000*
Spinal anesthesia 54 (67) 50 (69) 12(71) 0(0) 0.000%
Epidural anesthesia 18 (22) 18 (25) 3(18) 0(0) 0.342
Peroperative complications 0(0.0) 0(0) 0(0) 0(0) NA
Maternal and neonatal outcomes
Postoperative CxL (mm) 339+86 250+84 175+99 30.8+6.3 0.000*
Postoperative complications 9(10) 2(3) 4(20) 1(10) 0.055
Displacement 3(3) 2(3) 1(5) 1(10) 0.648
PROM 11(12) 14(18) 5(25) 0(0) 0.200
GA at delivery (weeks and days) 36w1d+40d 35w2d +39d 28w3d +49d 36w6d +3d 0.000%
SDI (days) 144.7 £34.3 98.1+38.1 479+479 NA 0.000*
PTB< 37w 26 (28) 33(42) 16 (84) 4 (40) 0.000*
PTB < 34w 20 (22) 18 (23) 14 (74) 0(0) 0.000*
PTB < 32w 14 (15) 16 (21) 12 (63) 0(0) 0.000*
PTB < 28w 10(11) 10(13) 11(58) 0(0) 0.000%
PTB < 24w 7(8) 6(8) 7 (35) 0(0) 0.000*
Birthweight (g)° 2970+ 940 2687+918 162241211 2793 +366 0.000*
Early neonatal death® 0 (0) 0(0) 4(20) 0(0) 0.000%
Alive at discharge 87 (93) 71 (90) 8(42) 10 (100) 0.000*
No neonatal complications 56 (60) 39 (50) 4(21) 5(5) 0.022*

*p<0.05. Categoric parameters are expressed as n and (%) of total within group. Continuous parameters are expressed as mean+SD. °Mean GA of transabdominal
cerclage placement during pregnancy, as 2 were placed pregestational. ®Birthweight for life born fetuses. Early Neonatal Death: life born fetuses who die before 8th
day after birth. Abbreviations: GA, gestational age; CxI, cervical length; PROM, premature rupture of membranes; SDI, stitch delivery interval days; TVU, transvaginal

ultrasound; NA, not applicable

22% in TVC II (5/79), 13% in TVC III (1/20) and none in
TAC (0/10) (p=0.851).

The incidence and results of post-cerclage cultures are
given in Table 3. Post-cerclage cultures were positive in
13% (26/203) of urine cultures (TVC111/94, 13%; TVC 11
12/79, 15%; TVC I1I 2/20, 10%; TAC 1/10, 10%; p=0.762)
and 39% (80/203) of vaginal cultures (TVC I 37/94, 45%;
TVC II 31/79, 46%; TVC III 8/20, 40%; TAC 4/10, 40%;
p=0.965).

The relationship between urogenital culture results and

GA at delivery

Our primary outcome, GA at delivery, was negatively
influenced by positive pre-cerclage urogenital cultures
in patients with TVC III (pos culture 185+40d vs. neg
209+54d, p=0.036). In contrast, for TVC I GA at delivery
was positively influenced by positive pre-cerclage uro-
genital cultures (pos culture 267+26d vs. neg 249+42d,
p=0.021), see also Table 4. Positive post-cerclage cultures
did not significantly affect the GA at delivery, see also
Table 5.
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Table 3 Specific culture results and incidence of post-cerclage cultures

History indicated Ultrasound indicated (TVCIl, n=79)

Clinically indicated Abdominal cerclage p-value

(TVCI1,n=94) (TVCIIl, n=20) (n=10)
Positive urine culture 11(13) 12(15) 2(10) 1(10) 0.762
- Recurrent 22 3(4) 0(0) 0(0) 0.685
Persistent 1(1) 3(4) 0(0) 0(0) 0477
Urine micro-organisms
- Streptococcus agalactiae 5 (45) 4(33) 0(0) 0(0) 0.475
- Staphylococcus aureus 2(18) 0(0) 0(0) 0(0) 0406
- Proteus mirabilis 2(18) 0 (0) 0(0) 0(0) 0.406
- Escherichia coli 2(18) 4(33) 2 (100) 0(0) 0.097
- Enterococcus faecalis 0(0) 2(17) 0(0) 1(100) 0.181
- Citrobacter koseri 0(0) 1(8) 0(0) 0(0) 0.763
-Staphylococcus 0(0) 2(17) 0(0) 0(0) 0480
haemolyticus
- Klebsiella pneumoniae 19 2017) 0(0) 0(0) 0.846
- Streptococcus anginosus 0(0) 1(8) 0(0) 0(0) 0.763
Positive vaginal culture? 37 (45) 31 (46) 8 (40) 4 (40) 0.965
- New onset 20(21) 15(19) 5(25) 3(30) 0.856
Recurrent 8(10) 8(12) 2(13) 0(0) 0.696
- Persistent 9(11) 8(12) 1(6) 1(10) 0.937
Vaginal micro-organisms
- Streptococcus agalactiae 11 (30) 7 (23) 0(0) 0(0) 0.210
- Proteus mirabilis 3(8) 13) 0(0) 0(0) 0.674
- Klebsiella pneumoniae 4011 4(13) 0(0) 0(0) 0.661
- Klebsiella oxytoca 1(3) 0 (0) 0(0) 0(0) 0.769
- Gardnerella vaginalis 9 (24) 8 (26) 3(38) 1(25) 0.902
- Escherichia coli 8(22) 5(16) 3(38) 1(25) 0.631
- Enterococcus faecalis 3(8) 2(7) 0(0) 0(0) 0.806
- Citrobacter koseri 0(0) 13) 0(0) 0(0) 0.672
- Candida lusitania 0(0) 13) 0(0) 0(0) 0.672
- Candida glabrata 0(0) 3(10) 0(0) 0(0) 0.182
- Candida albicans 15 (41) 10 (32) 4 (50) 1(25) 0.738
- Staphylococcus aureus 3(8) 13) 0(0) 0(0) 0.674
- Serratia marcescens 0(0) 13) 0(0) 0(0) 0.672
- Enterobacter cloacae 0(0) 103) 0(0) 0(0) 0.672
- Ureaplasma 1(3) 0 (0) 0(0) 0(0) 0.769
Positive other cultures 1(1) 1(1) 2011) 0(0) 0.068
Antibiotic treatment 32 (40) 28 (38) 12 (60) 4 (40) 0.344
- Multiple treatments 8(9) 3(4) 0(0) 0(0) 0.301

*p<0.05. Categoric parameters are expressed as n and (%) of total within group. Continuous parameters are expressed as mean+SD. °Recurrent: repeated culture
of same organism after successful treatment. Persistent: repeated culture of same organism despite treatment. Multiple treatments were given when the specific

bacteria did not respond to the primary given antibiotic

Secondarily, we investigated the effect of treating
patients with positive urogenital cultures and found that
antibiotic treatment did not significantly influence GA at
delivery, neither before nor after cervical cerclage.

The relationship between urogenital culture results and
maternal and neonatal outcomes following cervical
cerclage

Maternal and neonatal outcomes by pre-cerclage and
post-cerclage culture status are given in Tables 4 and 5,
respectively. Positive pre-cerclage cultures were asso-
ciated with a shorter SDI only in TVC III (pos culture

23+38d vs. neg 64+47d, p=0.035) and fewer neonatal
complications in TVC I (pos culture 86% vs. neg culture
52% with no neonatal complications, p=0.002). Positive
post-cerclage urogenital cultures were associated with
fewer ruptures of membranes in TVC II (pos culture
3/34, 9% vs. neg 10/35, 29%; p=0.036) and TVC III (pos
culture 0/10, 0% vs. neg 4/8, 50%; p=0.023).

Antibiotic treatment for positive pre-cerclage uro-
genital cultures was associated with a longer preopera-
tive cervical length (treated 15.4%5.5 mm vs. untreated
10.2+5.6 mm, p=0.048). There were no significant
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Table 4 Pre-cerclage urogenital cultures
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History indicated (TVC|, n=94)

Ultrasound indicated (TVCII,

Clinically indicated (TVC I, n=20)

n=79)
PRE-CERCLAGE cultures Positive (21)  Negative (73) Positive (28) Negative (51) Positive (9) Negative (11)
Last cxl preoperative (mm) 352475 36.2+74 148+6.3 149+76 0.0 0.0
Postop complications 1(5) 2(3) 2(7) 0(0) 3(33) 1(9)
PROM 1(5) 10 (14) 6 (21) 8(16) 2(22) 9(82)
GA at delivery (days) 266.8+25.7 2489+4230.021* 240.9+443 2503 +36.1 184.9+40.2 209.5+54.4 0.036*
SDI (days) 146.9+28.6 1440+36.1 89.6+36.0 102.3+387 226+383 64.1+47.90.035%
PTB < 34w 2(10) 18 (25) 8(29) 10 (20) 7(78) 7 (64)
PTB < 28w 1(5 9(12) 4(14) 6(12) 6 (67) 5(46)
PTB < 24w 00 7(10) 3(11) 3(6) 4 (44) 3(27)
Neonatal death 0(0) 0(0) 0(0) 0(0) 1(11) 2(18)
Alive at discharge 21 (100) 60 (90) 24 (86) 47 (92) 3(33) 5 (46)
Birthweight (g)® 3248+825 2879+95 2732+728 2662 +990 1051+£926 2383+118
No neonatal complications 18 (86) 38(52) 0.002* 12 (43) 28 (55) 1(11) 3(27)

PRE-CERCLAGE positive Treated (10) Not treated (11)

Treated (21)

Not treated (6) Treated (5) Not treated (4)

cultures

Last cxl preoperative (mm) 33.9+6.1 36.0+8.8 154+55 10.2+5.60.048* 0.0 0.0
Postop complications 1(10) 0(0) 1(5) 1(017) 2 (40) 1(25)
PROM 1(10) 0(0) 5(24) 1(17) 2 (40) 0(0)

GA at delivery (days) 257.1+34.7 2752+8. 2399+453 2448+488 194.8+493 1750433
SDI (days) 13724393 156.9+85 89.5+313 89.8+55. 36.5+48.1 40+30
PTB < 34w 2 (20) 0(0) 7(33) 1017) 3(60) 4(100)
PTB < 28w 1(10) 0(0) 3(14) 1017) 3(60) 3(75)
PTB < 24w 0(0) 0(0) 2(10) 1017) 1(20) 3(75)
Neonatal death 0(0) 0(0) 1(5) 0(0) 1(20) 0(0)
Alive at discharge 10 (100) 11 (100) 18 (86) 5(83) 3 (60) 1(25)
Birthweight (g)® 2957 +1049 3482 +568 2756+765 2683+751 1313+£1239 790+533
No neonatal complications 7 (70) 11 (100) 10 (48) 2(33) 1(20) 0(0)

Categoric parameters are expressed as n and (%) of total within group. Continuous parameters are expressed as mean+SD. *»<0.05, only significant p-values
are shown for each variable indicated in the second column for each indication group. ?Birthweight for life born fetuses. Abbreviations: Cxl, cervical length; GA,
gestational age; PROM, premature rupture of membranes; SDI, stitch delivery interval days

associations between outcome measures and antibiotic
treatment for positive post-cerclage urogenital cultures.

Antibiotic treatment in the pre-cerclage setting was
given to respectively 12% of TVC I group (11/94), 28% of
TVC II (22/79), 25% of TVC III (5/20) and 20% of TAC
(2/10). Treatment was depending on culture growth and
clinical presentation, and included miconazole (17/44),
clindamycin (8/44), amoxicillin (7/44), benzylpenicil-
lin (4/44), amoxicillin-clavulanic acid (3/44), cefuroxime
(1/44), clarithromycin 1/44), erythromycin (1/44), nitro-
furantoin (1/44) and metronidazole (1/44).

Antibiotic treatment for positive post-cerclage cultures
was given to 79% of TVC I cases (31/39), 74% of TVC
I (25/34), 80% of TVC III (8/10) and 80% of TAC (4/5).
Post-cerclage antibiotics included clindamycin (28/68),
miconazole (24/68), amoxicillin-clavulanic acid (21/68),
amoxicillin (8/68), cefuroxime (8/68), penicillin (5/68),
fosfomycin (4/68), erythromycin (3/68), cefadroxil (2/68),
piperacillin-tazobactam (2/68), ampicillin (1/68), nitrofu-
rantoin (1/68), metronidazole (1/68), gentamicin (1/68),
vancomycin (1/68), butoconazole nitrate (1/68), nifur-
toinol (1/68).

The effect of Gardnerella vaginalis infection on mean GA at
delivery

Pre-cerclage, 21% of the vaginal cultures were positive
with GV in TVCI (4/19, mean GA at delivery 39w4d, SDI
7d), 22% in TVC 1II (5/23, mean GA at delivery 33w4d,
SDI 61d), 13% in TVC III (1/8, GA at delivery 22w2d,
SDI 10d) and none in TAC (0/2) (p=0.851). At post-cer-
clage, 24% of the vaginal cultures were positive with GV
in TVC I (9/37, mean GA at delivery 36wld, SDI 40d),
26% in TVC II (8/31, mean GA at delivery 37w4d, SDI
6d), 38% in TVC III (3/8, mean GA at delivery 38wld,
SDI 10d) and 25% in TAC (1/4, GA at delivery 37w2d)
(p=0.902). Three cases maintained GV from pre-cerclage
to post-cerclage (TVC I, GA at delivery 40w1d, SDI 163d;
TVCI, GA at delivery 39w4d, SDI 156d; and TVC II, GA
at delivery 37w0d, SDI 105d).

In 4 out of 31 cases positive with GV, delivery was
before 36 weeks of gestational age. Three cases had a late
miscarriage due to chorioamnionitis. 4 out of 31 cases
positive with GV were left untreated, however, without
impact on their GA at delivery as they all delivered at
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Table 5 Post-cerclage urogenital cultures
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History indicated (TVC I, n=94)

Ultrasound indicated (TVCIl, n=79)

Clinically indicated (TVCIII,

n=20)
POST-CERCLAGE cultures Positive (39) Negative (44) Positive (34) Negative (35) Positive (10) Negative (8)
Postop cxI (mm) 342490 342+86 249+84 246+88 185+7.2 175+135
Postop complications 2(5) 1) 1(3) 1(3) 2(20) 2(25)
PROM 6(15) 50171 3(9) 10 (29) 0.036* 0(0) 4 (50) 0.023*
GA at delivery (days) 246.7+42.1 2549+41.1 2533+30.8 238.1+45.1 21234591 1920+£41.2
SDI (days) 141.9+36.7 1454+34.2 105.8+32.7 91.2+39.7 66.4+49.2 374+438
PTB < 34w 11(28) 8(18) 6(18) 11(31) 5(50) 7(88)
PTB < 28w 6(15) 409 2(6) 7(20) 4 (40) 5(63)
PTB < 24w 3(8) 49 103) 4(11) 3(30) 3(38)
Neonatal death 0(0) 0(0) 0(0) 0(0) 1(10) 2 (25)
Alive at discharge 36(92) 40 (91) 33(97) 29 (83) 5(50) 3(38)
Birthweight (g)® 2836+ 1060 3021+875 2746+713 2539+1078 2344 +1468 1396+954
No neonatal complications 23 (59) 29 (66) 19 (56) 16 (46) 3(30) 1(13)
POST-CERCLAGE positive cultures — Treated (31) Not treated (5) Treated (25) Not treated (9) Treated (8) Not treated (2)
Postop cxl (mm) 344+94 338+7.8 254+88 23.7+73 186+7.8 18.0 (NA)
Postop complications 2(7) 0(0) 1(4) 0(0) 1(13) 1(50)
PROM 5(16) 00 3(12) 0(0) 0(0) 0(0)
GA at delivery (days) 251.2+399 25124403 2503+334 261.6+21.7 2104+596 219.0+80.
SDI (days) 1434+376 130.25+£29.6 1029+324 1133+34.2 66.7 +45.7 65.5+827
PTB < 34w 7(23) 1(20) 5 (20) 1001) 4 (50) 1 (50)
PTB < 28w 4(13) 1(20) 2(8) 0(0) 3(38) 1(50)
PTB < 24w 2(7) 0(0) 1(4) 0(0) 2(25) 1(50)
Neonatal death 0(0) 0(0) 0(0) 0(0) 1(13) 0(0)
Alive at discharge 29 (94) 5(100) 24 (96) 9 (100) 4 (50) 1(50)
Birthweight (g)® 28531073 2728+ 1086 2665+ 746 2954+609 2507 £ 1346 2100+2192
No neonatal complications 19 (61) 4 (80) 12 (48) 7 (78) 2 (25) 1(50)

Categoric parameters are expressed as n and (%) of total within group. Continuous parameters are expressed as mean+SD. *p<0.05, only significant p-values
are shown for each variable indicated in the second column for each indication group. ®Birthweight for life born fetuses. Abbreviations: CxI, cervical length; GA,
gestational age; PROM, premature rupture of membranes; SDI, stitch delivery interval days

term. Detailed description can be found in Additional file
3.

Discussion

This retrospective observational study aimed to investi-
gate the relationship between pre- or post-cerclage uro-
genital cultures and GA at delivery in a contemporary
cohort of women who underwent cervical cerclage. In
line with our hypothesis, positive pre-cerclage cultures
in clinically-indicated cerclage negatively influenced GA
at delivery (p=0.036). However, positive pre-cerclage
urogenital cultures in history-indicated group had a pos-
itively influence on the GA at delivery (p=0.021). Addi-
tionally, treating positive cultures did not significantly
affect GA at delivery. The latter results should be inter-
preted with care, because of a small number of patients in
some of the groups.

Our main findings are in line with two previous studies
who reported that positive vaginal culture at time of clin-
ically indicated cerclage is an independent risk factor for
PTB [17, 18]. These two studies did also not find an asso-
ciation between post-cerclage positive vaginal cultures

and GA at delivery, nor with treated abnormal vaginal
flora and GA at delivery. Compared to our results, Gund-
abuttulaet et al. reported a higher incidence of positive
pre-cerclage vaginal (64%) and urine (15%) cultures [17].
In this study, the cultured organisms on vaginal swab
were mostly Escherichia coli (14%), followed by Klebsiella
(10%), Enterococcus (2%), Staphyloccous aureus (2%) [17].
In the second study, Kanbayashi et al. reported mainly
GV (30%), followed by Group B streptococcus (25%) and
Staphyloccocus species (8.3%) in pre-cerclage vaginal
cultures [18]. In contrast, we mainly cultured Streptococ-
cus agalactiae (25%) and GV (13%) on the vaginal swab
before clinically indicated cerclage. The heterogeneity
between cultured micro-organisms from vaginal cultures
in association with PTB suggest that multiple organisms
could have an impact on PTB in clinically-indicated cer-
clage. Hence, we advise routine pre-cerclage culture tests
and treatment of positive cultures in those undergoing a
clinically-indicated cerclage.

Other studies report contrasting results to ours. For
example, Jin et al, reported that women with an ultra-
sound-indicated transvaginal cerclage and Escherichia
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coli in post-cerclage vaginal cultures had a higher risk of
PTB<37 weeks (p=0.023) [19]. Furthermore, Kunpalin
et al. investigated a cohort of 251 women with either a
history or ultrasound indicated cerclage. They found that
positive pre-cerclage urine cultures were associated with
a significantly lower GA at delivery (36.6 vs. 38.3 weeks;
p=0.040), while no such relationship was found for vagi-
nal cultures, or urogenital post-cerclage cultures [20].
The reason for these contrasting results could be that
Kunpalin et al. mainly cultured Escherichia coli (47%) in
pre-cerclage urine cultures, while in our series Enterococ-
cus species was the most common urinary pathogen (40—
50%). In contrast to Escherichia coli, Enterococcus species
are mainly reflecting contamination or colonization and
are rarely associated with perinatal outcomes [21]. With
regards to vaginal cultures, Kunpalin et al. reported pre-
cerclage growth of BV in 20% of women with a history
or ultrasound indicated cerclage, similar to our findings.
The incidence of positive vaginal cultures post-cerclage
in our study (TVC I 45%, TVC II 46%) was higher than
reported by Kunpalin et al. (24%) [20] and was three
times higher than the incidence of positive post-cerclage
urine cultures.

Importantly, only one previous study reported on the
incidence of positive urogenital cultures in women with
TAC. Pre-cerclage, Akeno et al. reported a GV infection
in 21% of cases, while no pre-cerclage GV infections were
found in our TAC group [22]. Post-cerclage, Akeno et al.
reported no GV infections [22], while we had one case
with GV (25%) found in post-cerclage vaginal culture in
the TAC group. This finding in our cohort did not seem
to have implications on cerclage outcome.

Facultative bacteria, such as GV, or anaerobic bacte-
ria such as Mobiluncus species, or Mycoplasma species
such as Ureaplasma urealyticum, that overgrow in the
normal vaginal flora cause BV, a well-described risk fac-
tor for PTB [23, 24]. A meta-analysis of 2013 showed
that the risk of preterm birth was doubled when BV was
found; and even seven times higher if it occurred before
16w [25]. However treatment of this disbalance has not
yet been proven to be able to reduce the risk of preterm
birth in asymptomatic women [10]. In our study, of all
pregnancies with GV positive cultures pre- or post-cer-
clage, only four women (13%) delivered before 36 weeks
of gestation. Our results did not suggest a negative effect
of GV on the mean GA at delivery nor on the mean SDI
in any of the cerclage indication subgroups. In line with
our findings, a Cochrane review of 2013 did not suggest
any benefit in screening and treating pregnant women for
asymptomatic BV to prevent preterm birth [26].

We should note that in the clinically indicated TVC III
group, three patients presented with abdominal discom-
fort. At the time of presentation these patients did not
have signs of contraction on cardiotocogram and were
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clinically not considered in labor after thorough ques-
tioning and examination. Therefore, the discomfort was
not categorized as labour or suggestive of chorioamnion-
itis. Furthermore, cervical insufficiency is defined by the
American College of Obstetricians and Gynecologists
(ACOQ) as the inability of the uterine cervix to retain a
pregnancy in the second trimester, in the absence of uter-
ine contractions. It typically presents as an acute, pain-
less dilatation of the cervix, which at a later stage evolves
into a status with evident non-stoppable uterine contrac-
tions leading to premature delivery [7]. Within the group
of women presenting with abdominal discomfort in the
clinically indicated subgroup, a SDI below 30 days was
noted in two of them, specifically 1 and 6 days. Moreover,
also three women with ultrasound-indicated cervical cer-
clage who presented with abdominal discomfort had a
SDI below 30 days, specifically 6, 16 and 23 days. How-
ever, this highlights the ambiguity that could exists when
treating these patients and the reason why some authors
suggest a time of observation before a decision is made to
place a clinically indicated cerclage [27].

The main strength of this study is the detailed descrip-
tion of outcomes after cervical cerclage in a large cohort
of women that were managed according to a single insti-
tutional protocol. Urogenital cultures were routinely
performed in all women. This study is the first to report
these outcomes in Belgian women, which could aid local,
regional and national institutions to review their guide-
lines. However, due to the retrospective design, this study
has some inherent limitations. Foremost, our study can
only report associations, without making claims on cau-
sality. Furthermore, we were not always able to describe
the full clinical context of all cultures, as well as the rea-
son for the chosen antibiotic regime. Finally, the small
number of patients in some of the subgroups, especially
in the number of patients undergoing antibiotic treat-
ment in each of the cerclage indication subgroups, limits
our ability to make general conclusions.

Conclusions

Consistent with previous studies, we did not observe an
association between the presence of positive pre-cerclage
urogenital cultures and GA at delivery in any of the cer-
clage indication groups, except for clinically-indicated
(rescue) transvaginal cerclage. Furthermore, there tends
to be no benefit of routine use of urogenital cultures dur-
ing follow-up of asymptomatic women after cerclage
placement. Antibiotic treatment of patients with posi-
tive pre- or post-cerclage urogenital cultures did also not
impact GA at delivery in our study cohort.

Abbreviations

BV bacterial vaginosis
GA gestational age
GV Gardnerella vaginalis
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PROM  Premature rupture of membranes

PTB Preterm birth

SD Standard deviation

sPTB spontaneous preterm birth

TAC Transabdominal cerclage

TVC Transvaginal cerclage

TVCI History indicated transvaginal cerclage
TVCII Ultrasound indicated transvaginal cerclage
TVCIIl  Clinically indicated transvaginal cerclage
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